Between the early 1980s and 2002, both the prevalence of obesity and the number of beneficiaries of the Social Security Disability Insurance program doubled. We test whether these trends are related; specifically, we test whether obesity causes disability and movement onto the disability rolls.
Introduction
This paper is motivated by two recent trends in the U.S.: a rise in obesity and a rise in disability. The age-adjusted prevalence of obesity --which is defined as a body mass index (BMI) greater than or equal to thirty -more than doubled from 15 percent during 1976 -1980 to 30.4 percent during 1999 (Hedley et al., 2004 Flegal et al., 2002) . Over roughly the same period, the number of beneficiaries receiving income from the Social Security Disability Insurance program (DI) doubled from 3.8 million in 1983 to 7.6 million in 2002 (Social Security Administration, 2004) . This paper tests whether these trends are related; specifically, we test whether obesity raises the probabilities of employment disability and of movement onto the rolls of DI.
There exists suggestive, but not definitive, evidence on the relationship between obesity and disability. For example, Lakdawalla, Bhattacharya, and Goldman (2004) document that, in the National Health Interview Surveys from 1984 to 1996, rates of disability rose faster among the obese than among the non-obese. Ferraro et al. (2002) found that obesity or becoming obese was subsequently associated with higher levels of upper-body and lower-body disability in the National Health and Nutrition Examination Survey I and its follow-ups.
In several instances recently, the Social Security Administration (SSA) has revised its medical listing of obesity. In 1999, obesity was deleted from the medical listings. In 2000, a Social Security Ruling ensured that obesity would once again be included in the medical listings. In 2002, SSA policy was revised yet again with obesity considered a severe impairment that merits its own medical listing (Federal Register, 2002) . The changing policies of the SSA reflect uncertainty within government about the effect of obesity on disability 1 ; this paper documents and quantifies this effect.
There are three possible explanations for the correlation between obesity and disability. First, obesity may in fact cause disability. This is plausible given the evidence that obesity is a risk factor for many chronic diseases (Pi-Sunyer, 2002) . Second, the reverse may be true --disability may cause obesity. Disability is likely to result in a decline in physical activity, which, if not matched with a decline in calorie intake, will result in weight gain. Third, unobserved factors may cause both obesity and disability.
One possible such unobserved factor is rate of time discount. People who do not value future outcomes are likely invest less in their health, which may lead to both obesity and employment disability. Cawley (2000) tested the first hypothesis, that obesity causes employment disability. Using the method of instrumental variables to exploit the genetic (i.e. exogenous) variation in weight between mothers and children, it found little evidence that obesity causes employment disability among young women (aged 16-41) in the National
Longitudinal Survey of Youth, 1979 Cohort (NLSY) . This paper builds on the previous analysis by expanding the scope of inquiry beyond young mothers to working-age adults 1 The debate over whether obesity is the cause or result of illness and disability is taking place in other government agencies as well. The Equal Employment Opportunity Commission (EEOC) originally mandated that obesity was not a disabling impairment covered by the Americans with Disabilities Act of 1990, but it reversed itself and filed an amicus curae brief supporting the obese plaintiff's claim of ADA protection on grounds of obesity in the 1993 court case Cook v. Rhode Island (Kuss, 1996; Carpenter, 2002) . The current EEOC compliance manual states somewhat ambiguously that "Being overweight, in and of itself, is generally not an impairment… except in rare circumstances, obesity is not considered a disabling impairment… On the other hand, severe obesity, which has been defined as body weight more than 100% over the norm…is clearly an impairment" (U.S. EEOC, 2004) . Most recently, in July 2004, the Centers for Medicare and Medicaid Services revised their Coverage Issues Manual to remove a statement that obesity cannot be considered an illness; this language had precluded Medicare and Medicaid from covering obesity treatments unless beneficiaries were suffering from other obesity-related illnesses (U.S. Department of Health and Human Services, 2004) . Better understanding the relationship between obesity and disability may help resolve some of the debates over whether obesity should be considered grounds for government-funded disability benefits or medical treatment.
of both genders and examines data from both the NLSY and the Panel Survey of Income Dynamics (PSID).
Methods
We first estimate linear probability (LP) models of disability as a function of weight; the coefficients will indicate the overall correlation between obesity and disability-related outcomes. This overall correlation reflects both the impact of weight on disability and the impact of disability on weight and the influence of unobserved third variables that affect both weight and disability.
In order to generate a consistent estimate of the causal effect of weight on disability, we estimate two-stage least squares (2SLS) models. Our instrument is the weight of a biological relative; specifically: in the PSID, a child or parent; in the NLSY, a sibling. (The weight of parents is not collected by the NLSY, and the weight of children is collected only for female respondents.) Our identifying assumption has two parts.
First, we assume that the weights of children and parents, and the weights of siblings, are highly correlated. This is confirmed by the behavioral genetics literature (e.g. Maes et al., 1997) , which is predictable since weight has a large genetic component and a child and a parent, and siblings, share on average half of their genes. Results from the firststage regression confirm that sibling weight is a powerful instrument for respondent weight. The F statistic associated with the hypothesis that the first-stage coefficients on the instruments are jointly equal to zero is, in each case, many times the minimum of 10 suggested by Staiger and Stock (1997) . (These F statistics are reported in detail in the footnotes of the tables of results.)
The second part of the identifying assumption is that the only way that the weight of a child or sibling is correlated with the respondent's disability status is through its correlation with the respondent's weight. In other words, the weight of a relative is uncorrelated with the residual in the disability equation. One might be concerned that the non-genetic variation in a relative's weight is correlated with the respondent's disability status because of habits learned in the household. However, to date studies have failed to detect any effect of common household environment on body weight (Grilo and Pogue-Geile, 1991) .
Data
We use data from two longitudinal, nationally representative datasets: The Panel Survey of Income Dynamics (PSID) and the National Longitudinal Survey of Youth, 1979 Cohort (NLSY) . In each sample we study respondents of prime working age; we drop those under age 25 because many are enrolled in school. In this section, we describe the relevant features of, and variables in, each dataset.
Panel Study of Income Dynamics (PSID)
The Panel Study of Income Dynamics (PSID) is a nationally representative, longitudinal survey of individuals and the families in which they reside. The sample size has grown from 4,800 families in 1968, the first year of the study, to more than 7,000 families in 2001. In order to easily compare the PSID results to those of the NLSY, we limit the PSID sample to the same maximum age as in the NLSY: 44 years old.
The PSID collected information on respondents ' height and weight in 1986, 1999, and 2001 . Data from these three years were pooled to create the sample for this paper. 
National Longitudinal Survey of Youth, 1979 Cohort
The National Longitudinal Survey of Youth (NLSY), designed to represent the entire population of American youth, consists of a randomly chosen sample of 6,111 U.S.
civilian youths, a supplemental sample of 5,295 randomly chosen minority and economically disadvantaged civilian youths, and a sample of 1,280 youths on active duty in the military. All sample members were between fourteen and twenty-two years of age when the first annual interview was conducted in 1979. Since 1994, interviews have been conducted every two years.
The NLSY recorded the self-reported weight of respondents in 1981, 1982, 1985, 1986, 1988, 1989, 1990, 1992, 1993, 1994, 1996, 1998, and 2000 . Data from these thirteen years were pooled to create the sample used in this paper. Reported height was recorded in 1981, 1982, and 1985; given that respondents were between the ages of 20 and 27 in 1985, height in 1985 was assumed to be the respondents' adult height. Weight may be affected by pregnancy, so all females who are pregnant at the time that they report their body weight are dropped from the sample.
For our instrumental variables analysis, we will use as an instrument the BMI of the NLSY respondent's sibling, controlling for the sibling's age and gender. Sibling weight was not collected as part of any special supplement; instead, the NLSY survey design involved interviewing every age-eligible child in each randomly selected household. 2,862 households included more than one NLSY respondent, and 5,914
NLSY respondents have at least one sibling in the sample (Bureau of Labor Statistics, 2003) . A different observation of BMI from the same sibling is used as an instrument for each observation of respondent weight.
Cawley (2000) used as an instrument the weight of a child to study whether obesity causes employment disability. We prefer to use sibling weight rather than child weight as an instrument for two reasons. First, child weight was recorded only for female respondents whereas sibling data is available for both genders. Second, the NLSY did not begin to record child weight until 1986, while sibling data is available for the entire survey history.
Measures of Weight
Weight is self-reported in both the PSID and the NLSY. There are welldocumented biases in how individuals report their weight (e.g. Rowland, 1989) . In order to correct for this reporting error, which has the potential to bias regression coefficients, we use the method of Lee and Sepanski (1995) and Bound et al. (2002) ; specifically, we use the NHANES III data as validation data. NHANES III is ideal for this purpose because it contains both self-reports and measures of actual height and weight. By regressing reported on actual weight in NHANES III, "transporting" the coefficients to the PSID and NLSY, and multiplying them by the self-reported values, we generate measures of weight corrected for reporting error. We will use three measures of weight in this paper: weight in pounds (controlling for height in inches), BMI (calculated as weight in kilograms divided by height in meters squared), and an indicator variable that equals one if the respondent's BMI meets the clinical definition of obesity (BMI greater than or equal to 25), and zero otherwise. Ramsey RESET tests indicate that the hypothesis that disability outcomes are linear in weight can be rejected. 2 We capture nonlinearities in weight using an indicator variable for obesity; in other words, we assume that the clinical cutoff for when obesity begins is also the cutoff for when body weight impacts disability. All three measures of weight are corrected for reporting error.
Measures of Disability
Disability is an elusive concept to measure since it reflects both health-based impairments and the social environment. We utilize two measures of disability. First, we follow the strategy suggested by Burkhauser, Houtenville and Wittenberg (2003) 
Results
Results relating to work limitations are presented in Table 1 for men and Table 2 for women. In each table, results from twelve regressions are presented. From left to right, in separate columns, are presented results from linear probability models estimated using PSID data, 2SLS models estimated using PSID data, linear probability models estimated using NLSY data, and 2SLS models estimated using NLSY data. In each of these four columns are presented results from three regressions, each using one of the three measures of body weight: weight in pounds (controlling for height in inches), BMI, and an indicator variable for obesity. Results from the PSID and NLSY are presented in the same tables to make it easy to compare results across datasets. Each cell of the table lists a coefficient and the associated standard errors in parentheses. Tables 1 and 2 contain results for regressions in which the dependent variable is an indicator for whether the respondent reports that health limits the type or amount of work they can do. Table 1 indicates that there is little overall correlation between obesity and work limitations for men; in the linear probability results contained in columns 1 and 3, no coefficient on any weight variable is statistically significant. However, the point estimates of the 2SLS coefficients are considerably larger than the linear probability coefficients. For example, the LP coefficient on pounds is .0001 in both the PSID and NLSY, but the 2SLS coefficient is .0014 in the PSID and .0007 in the NLSY. The 2SLS coefficient on BMI is ten times larger than the LP coefficient in the PSID results, and fifteen times larger in the NLSY. For the obesity indicator, the 2SLS coefficients are also many times larger than the LP coefficients. While the 2SLS coefficients are consistently much larger than those from LP models, the 2SLS coefficients are statistically significant only for the NLSY; the lack of statistical significance in the PSID is likely due to its modest sample size. The magnitude of the 2SLS coefficients for the NLSY suggests that the probability that a man reports work limitations rises 0.7 percentage points with an extra ten pounds of weight and rises 5.38 percentage points if the man is obese. The magnitude of the impact of male obesity on work limitations is equivalent to the effect of aging 19.8 years or losing 8.9 years of education. Overall, the results are mixed but there is some evidence that body weight in general, and obesity in particular, raises the probability of work limitations among men.
Work Limitations
Analogous results for women are presented in Table 2 . For women in both samples there is a positive and significant correlation between weight and work limitations in the linear probability models. In the PSID, the coefficients on weight estimated by 2SLS are much larger than those estimated by LP. The 2SLS results imply that an extra ten pounds of weight raises the probability of work limitations by 1.6
percentage points. In the NLSY, the 2SLS coefficients on the weight variables are not statistically significant. The 2SLS coefficients on pounds and BMI are slightly smaller than the LP coefficients, while the 2SLS coefficient on obesity is more than 50 percent larger than the LP coefficient, but the 2SLS coefficient on obesity is not statistically significant. It is curious that the 2SLS coefficients on weight are significant in the smaller PSID sample but not in the much larger NLSY sample, but the significance of the 2SLS coefficients in the PSID sample, combined with the positive and statistically significant LP coefficients in both samples, suggest that weight may increase the probability of work limitations in women.
Disability Income Receipt
Tables 3 and 4 contain results for regressions in which the dependent variable is an indicator for whether the respondent (in the NLSY, the respondent or spouse) received disability income. Columns 1 and 3 of Table 3 indicate mixed evidence as to whether the overall correlation of obesity and disability income receipt is positive for men. In both the PSID and NLSY, the coefficient on BMI is not statistically significant, but that on obesity is positive and significant. The coefficient on pounds is not significant for the PSID, but is significant for the NLSY. The LP estimates suggest the probability of receiving disability income is higher among the obese by 2.13 percentage points (PSID) or 0.8 percentage points (NLSY). Columns 2 and 4 list the 2SLS coefficients. No coefficient on any weight variable is significant for the PSID sample, but this may be due to IV raising standard errors since the 2SLS point estimates are at least as large as those from LP. In contrast, each 2SLS coefficient on a weight variable is statistically significant in the NLSY. The probability of receiving disability income is raised by 0.7
percentage points for a ten-pound gain in weight, and is raised by 6.92 percentage points by obesity. The magnitude of the impact of male obesity on the probability of receiving disability income is equivalent to the effect of losing 15.9 years of education (the conditional effect of age is so small in this regression that the obesity impact is equivalent to aging 1,926 years). Table 4 contains the analogous results for women. In general, the LP results presented in columns 1 and 3 reveal a stronger correlation between disability income receipt and body weight for women than we saw for men in Table 3 . Moreover, each 2SLS coefficient on weight is statistically significant and positive for women. The 2SLS results indicate that a ten-pound gain in weight raises the probability of receiving disability income by 1 percentage point (PSID) or 0.5 percentage points (NLSY).
Obesity raises the probability of receiving disability income by 9.21 percentage points (PSID) or 5.64 percentage points (NLSY). Among NLSY females, the magnitude of the impact of obesity on the probability of receiving disability income is equivalent to the effect of aging 31.5 years or losing 16.7 years of education.
We also investigated whether obesity and body weight were correlated with more long-term disability. To this end, we created new dependent variables that reflect whether an individual had health limitations for at least two years, and whether the respondent received disability income for at least two years. These variables are identical to the previous dependent variables, with the exception that they reflect two years of disability status rather than instantaneous disability status. The results are presented in Tables 5-8 . In general, weight appears uncorrelated with two-year work limitations; no 2SLS coefficient on weight is statistically significant for men in Table 5 or women in Table 6 . Moreover, the results in Table 7 indicate that we cannot reject the hypothesis that weight is uncorrelated with two-year disability income receipt for men. For NLSY women in Table 8 , however, each 2SLS coefficient on weight is statistically significant and positive. The probability that an NLSY woman received disability income for the last two years is raised by 0.3 percentage points by a ten-pound gain, and by 3.67
percentage points by obesity.
Summary
This paper uses the method of instrumental variables to test the hypothesis that weight causes employment disability. While the results are mixed, there is some evidence that weight increases the probability of health-related work limitations and the probability of receiving disability-related income. Our results suggest that the failure to treat obesity as endogenous leads to dramatic underestimates of the link between obesity and disability outcomes.
Tests indicate that the relationship between body weight and disability is nonlinear; as a result, our preferred estimates are those that use an indicator variable for obesity as the measure of weight. Linear probability model results for the NLSY suggest that obesity is associated with a rise in the probability of receiving disability income of 1.17 percentage points for women and 0.8 percentage points for men; however, the method of 2SLS indicates that obesity actually raises this probability by 5.64 percentage points for women and 6.92 percentage points for men. Results for the PSID are consistent with those for the NLSY but given the PSID's sample size the coefficients are not always statistically significant. An important implication of these results is that the causal impact of obesity on disability income receipt is considerably stronger than one would conclude from the overall correlation between the two.
A similar pattern is found for self-reported work limitations: the causal effect as measured by 2SLS is greater than the overall effect measured by LP models. However, the method of 2SLS raises standard errors such that most of the 2SLS coefficients are not statistically significant. The exception is for males in the NLSY, for whom obesity raises the probability of self-reported work limitations by 5.38 percentage points.
This analysis underscores the importance of conducting parallel analyses in complementary data sets. Even though the NLSY and PSID are both nationally representative and were both collected during the 1980s and 1990s, even though we estimated models with identical sets of regressors for the same age ranges, we occasionally find different results for the two samples. Sometimes the same coefficient is significant in one dataset and not another (which may be partly due to differences in sample size), and sometimes the magnitude of the point estimates differs considerably across datasets. Some of this variation may be attributable to the following differences across datasets: 1) use of slightly different instruments: in the NLSY we use the weight of a sibling as an instrument whereas in the PSID we use the weight of a child and/or parent as an instrument; 2) we have not yet identified pregnant women in the PSID; 3) the disability income question is specific to the respondent in the PSID but also covers the spouse in the NLSY. The fact that even nationally representative datasets collected over similar time periods can generate results that differ in important ways underscores the need to test hypotheses using multiple datasets in order to determine which results are truly robust.
The finding that obesity causes disability will permit more accurate projections of future DI applications and caseloads. The prevalence of obesity is expected to continue to rise (Flegal et al., 1998) , suggesting that, all else equal, DI applications and caseloads will likely continue to rise.
Understanding the contribution of obesity to disability will also permit more accurate estimates of the total costs of obesity. Recent calculations of the cost of obesity (e.g. Wolf and Colditz, 1998) do not correct for the endogeneity of weight, and as a result, underestimate the impact of obesity on disability and underestimate the total costs of obesity. Notes: 1) Dependent variable is an indicator that equals 1 if the person has physical conditions that limit type or amount of work, and equals 0 otherwise. 2) Listed are coefficients and standard errors in parentheses 3) # stands for significance at 10% level, * stands for significance at 5% level, ** stands for significance at 1% level. 4) Other variables that are included in the regressions are: Black dummy, Hispanic dummy, schooling, age, number of children, marriage dummies, region dummies. 5) Notes on 2SLS regressions: a) PSID: Instruments used are: biological children's age, sex and BMI, whether children's information is missing, father's age and BMI, whether father's information is missing, mother's age and BMI, whether mother's information is missing. The F statistic and change in R2 in the first stage regressions are: 61.2 and 0.3 for weight in pounds, 60.6 and 0.04 for BMI, and 40.8 and .03 for the obesity indicator. b) NLSY: Instruments used are: sibling BMI, sibling age and gender. The F statistic and change in R2 in the first stage regressions are: 76.5 and .05 for weight in pounds, 77.9 and .06 for BMI, and 43.5 and .04 for the obesity indicator. 6) The sample is restricted to people aged 25 to 44. Notes: 1) Dependent variable is an indicator that equals 1 if the person has physical conditions that limit type or amount of work, and equals 0 otherwise. 2) Listed are coefficients and standard errors in parentheses 3) # stands for significance at 10% level, * stands for significance at 5% level, ** stands for significance at 1% level. 4) Other variables that are included in the regressions are: Black dummy, Hispanic dummy, schooling, age, number of children, marriage dummies, region dummies. 5) Notes on 2SLS regressions: a) PSID: Instruments used are: biological children's age, sex and BMI, whether children's information is missing, father's age and BMI, whether father's information is missing, mother's age and BMI, whether mother's information is missing. The F statistic and change in R2 in the first stage regressions are: 61.1 and 0.04 for weight in pounds, 61.8 and 0.04 for BMI, and 38.1 and .02 for the obesity indicator. b) NLSY: Instruments used are: sibling BMI, sibling age and gender. The F statistic and change in R2 in the first stage regressions are: 98.1 and .05 for weight in pounds, 99.0 and .05 for BMI, and 73.9 and .04 for the obesity indicator. 6) The sample is restricted to people aged 25 to 44. Notes: 1) Dependent variable is an indicator that equals 1 if the person received disability income, veteran's benefits, or workers' compensation, and equals 0 otherwise (in NLSY79, it also equals one if respondent's spouse received income through any of these sources).
2) Listed are coefficients and standard errors in parentheses 3) # stands for significance at 10% level, * stands for significance at 5% level, ** stands for significance at 1% level. 4) Other variables that are included in the regressions are: Black dummy, Hispanic dummy, schooling, age, number of children, marriage dummies, region dummies. 5) Notes on 2SLS regressions: a) PSID: Instruments used are: biological children's age, sex and BMI, whether children's information is missing, father's age and BMI, whether father's information is missing, mother's age and BMI, whether mother's information is missing. The F statistic and change in R2 in the first stage regressions are: 61.2 and 0.3 for weight in pounds, 60.6 and 0.04 for BMI, and 40.8 and .03 for the obesity indicator. b) NLSY: Instruments used are: sibling BMI, sibling age and gender. The F statistic and change in R2 in the first stage regressions are: 76.5 and .05 for weight in pounds, 77.9 and .06 for BMI, and 43.5 and .04 for the obesity indicator. 6) The sample is restricted to people aged 25 to 44. Notes: 1) Dependent variable is an indicator that equals 1 if the person received disability income, veteran's benefits, or workers' compensation, and equals 0 otherwise (in NLSY79, it also equals one if respondent's spouse received income through any of these sources).
2) Listed are coefficients and standard errors in parentheses 3) # stands for significance at 10% level, * stands for significance at 5% level, ** stands for significance at 1% level. 4) Other variables that are included in the regressions are: Black dummy, Hispanic dummy, schooling, age, number of children, marriage dummies, region dummies. 5) Notes on 2SLS regressions: a) PSID: Instruments used are: biological children's age, sex and BMI, whether children's information is missing, father's age and BMI, whether father's information is missing, mother's age and BMI, whether mother's information is missing. The F statistic and change in R2 in the first stage regressions are: 61.1 and 0.04 for weight in pounds, 61.8 and 0.04 for BMI, and 38.1 and .02 for the obesity indicator. b) NLSY: Instruments used are: sibling BMI, sibling age and gender. The F statistic and change in R2 in the first stage regressions are: 98.1 and .05 for weight in pounds, 99.0 and .05 for BMI, and 73.9 and .04 for the obesity indicator. 6) The sample is restricted to people aged 25 to 44. Notes: 1) Dependent variable is an indicator that equals 1 if the person received disability income, veteran's benefits, or workers' compensation this year and two years ago, and equals 0 otherwise (in NLSY79, it also equals one if respondent's spouse received income through any of these sources).
2) Listed are coefficients and standard errors in parentheses 3) # stands for significance at 10% level, * stands for significance at 5% level, ** stands for significance at 1% level. 4) Other variables that are included in the regressions are: Black dummy, Hispanic dummy, schooling, age, number of children, marriage dummies, region dummies. 5) Notes on 2SLS regressions: a) PSID: Instruments used are: biological children's age, sex and BMI, whether children's information is missing, father's age and BMI, whether father's information is missing, mother's age and BMI, whether mother's information is missing. The F statistic and change in R2 in the first stage regressions are: 61.2 and 0.3 for weight in pounds, 60.6 and 0.04 for BMI, and 40.8 and .03 for the obesity indicator. b) NLSY: Instruments used are: sibling BMI, sibling age and gender. The F statistic and change in R2 in the first stage regressions are: 76.5 and .05 for weight in pounds, 77.9 and .06 for BMI, and 43.5 and .04 for the obesity indicator. 6) The sample is restricted to people aged 25 to 44. Notes: 1) Dependent variable is an indicator that equals 1 if the person received disability income, veteran's benefits, or workers' compensation this year and two years ago, and equals 0 otherwise (in NLSY79, it also equals one if respondent's spouse received income through any of these sources).
2) Listed are coefficients and standard errors in parentheses 3) # stands for significance at 10% level, * stands for significance at 5% level, ** stands for significance at 1% level. 4) Other variables that are included in the regressions are: Black dummy, Hispanic dummy, schooling, age, number of children, marriage dummies, region dummies. 5) Notes on 2SLS regressions: a) PSID: Instruments used are: biological children's age, sex and BMI, whether children's information is missing, father's age and BMI, whether father's information is missing, mother's age and BMI, whether mother's information is missing. The F statistic and change in R2 in the first stage regressions are: 61.1 and 0.04 for weight in pounds, 61.8 and 0.04 for BMI, and 38.1 and .02 for the obesity indicator. b) NLSY: Instruments used are: sibling BMI, sibling age and gender. The F statistic and change in R2 in the first stage regressions are: 98.1 and .05 for weight in pounds, 99.0 and .05 for BMI, and 73.9 and .04 for the obesity indicator. 6) The sample is restricted to people aged 25 to 44.
